Increasing surgical experience with the immediate consequences of pancreatic injuries has resulted from parallel growth in the volume of motor vehicle accidents and societal violence. However, few surgeons are aware that complications may be considerably delayed following pancreatic trauma, occurring in some cases months to years after apparent recovery from the original injury. In four patients with blunt pancreatic trauma initially treated by non-operative means, stricture of the main pancreatic duct developed over a period of months as a result of progressive fibrosis at the site of ductal injury. Pancreatic duct hypertension was demonstrated to be present in the obstructed duct, and secondary changes of chronic pancreatitis developed in the obstructed segment of the gland ("upstream" chronic pancreatitis). Seven similar patients with delayed onset of chronic obstructive pancreatitis after pancreatic trauma were found in the literature. Symptoms related to these acquired ductal strictures are most commonly those of abdominal pain and recurrent episodes of acute pancreatitis. Recognition of post-traumatic chronic obstructive pancreatitis principally involves awareness that injuries to the pancreatic duct can produce remote complications. Pancreatoenteric drainage, or resection of the obstructed segment of pancreas, provides prompt and effective relief.
patients, progressive fibrosis at the site of an uncorrected injury to the main pancreatic duct had resulted in stricture of the duct with proximal dilatation. All patients became symptomatic, and chronic pancreatitis was demonstrated to have developed in the obstructed segment of pancreas. Despite an extensive search of the literature, only three previous references have cited patients developing chronic pancreatitis as a result of ductal stricture after pancreatic trauma6-8. Accordingly, the purposes of this report are threefold; to make the surgical community more aware of this delayed complication of pancreatic trauma, to describe the clinical circumstances under which this diagnosis should be considered, and to suggest how this post-traumatic obstructed duct syndrome should be managed.
PATIENTS AND METHODS
Although prompt surgical exploration for all patients with penetrating abdominal injuries has been a longstanding departmental policy at Emory, in the absence of peritoneal signs, non-operative management has frequently been selected for patients with blunt abdominal trauma. Seventeen patients with blunt abdominal trauma and suspected pancreatic injury were chosen for non-operative management at Emory University between [1985] [1986] [1987] [1988] [1989] [1990] .
In this highly selected group, there were 11 males and 6 females, with an age range of 2-67 years. Pancreatic trauma was suspected on the basis of: persistent hyperamylasemia (15/17) (avg. peak amylase 1325 IU), abnormal pancreatic morphology on CT (12/17) (pseudocyst [7] , pancreatic enlargement [4] , pancreatic fracture [1] ), subsequent findings at surgery (3 patients), and abnormal endoscopic pancreatography (3 cases).
During an average follow-up of 12 months, four of these 17 patients required readmission for symptoms of persistent abdominal pain or recurrent episodes of acute pancreatitis. A pancreatic duct obstruction was found in each of the four patients. This complication occurred 2-10 months following recovery from the original injury, and is the subject of this report.
CASE I
A 25 year old white female, non-drinker, was involved in an all-terrain vehicle accident 09/04/90, sustaining a handlebar injury to the epigastrium. A pancreatic injury was suspected, but not confirmed during exploration at another hospital. Post-operatively, the patient began to drain large volumes of pancreatic juice through a drain placed at surgery. Following transfer to our hospital on 10/09/90, an ERCP demonstrated a ruptured main pancreatic duct in the head of the pancreas (Figure 1 ). Somatostatin Roux-en-Y, incorporating the dilated distal pancreatic duct, as well as the normal pancreatic duct cephalad to the area of duct disruption, was performed ( Figure 3) . A biopsy of the distal fibrotic pancreas was returned as "severe chronic pancreatitis". She has been asymptomatic for the past 15 months. At re-exploration on 11/12/87, the head and neck of the pancreas was normal to observation and palpation, while the distal pancreas was hard and fibrotic. During the performance of a distal pancreatectomy, the pancreatic duct distal to the Roux-en-Y insertion was noted to be markedly dilated and under pressure (50 cm H20). Histologic examination of the resected distal pancreas revealed "typical changes of chronic pancreatitis" (Figure 4 ). The post-operative course was unremarkable. The patient has remained pain free since discharge. In 1971, Bach and Frey described two patients with overlooked traumatic pancreatic transections, who later developed a fibrotic stricture at the site of ductal injury and proximal ductal dilation6. In one patient, this was manifested clinically as multiple episodes of recurrent acute pancreatitis, and responded to distal pancreatectomy. The resected specimen was described as "chronic pancreatitis".
The other patient expired prior to a planned surgical procedure. Autopsy showed ductal dilation and a "scarred and fibrotic pancreas" proximal to the site of ductal obstruction. Unfortunately, no mention was made of specific histologic findings in either case.
Taxier and his co-workers reported three patients with changes of chronic pancreatitis occurring 3 months to 6 years following blunt trauma to the main pancreatic duct7. All three patients had undergone internal drainage of a pancreatic pseudocyst shortly after the original pancreatic injury. In each case, recurrent severe abdominal pain led to re-exploration and the finding of an obstructed main pancreatic duct at the site of pseudocyst drainage. The symptoms responded to distal pancreatectomy in 2 cases, and Roux-en-Y pancreatojejunostomy in the third. Histologic examination of two cases showed "chronic pancreatitis with fibrosis and atrophy" and "marked fibrosis and absence of pancreatic acini". Laugier et al. described the delayed development of chronic obstructive pancreatitis in 2 patients occurring after blunt pancreatic injury8. In each case, a traumatic pseudocyst had developed shortly after injury, which was successfully drained. Both of the patients, however, subsequently suffered recurrent bouts of increasing abdominal pain and hyperamylasemia. At re-exploration, the findings were similar in each case: a normal head of the pancreas, dilatation of the main pancreatic duct proximal to a scar in the body of the pancreas, and histologic changes of chronic pancreatitis in the obstructed segment. Symptoms ceased after distal pancreatic resection.
Today, most authorities are in agreement that pancreatic duct obstruction occupies a pivotal position in the initiation of the parenchymal changes characteristic of chronic pancreatitis12'13. Precisely how pancreatic duct obstruction is translated into chronic pancreatitis is unknown, but the demonstration of ductal hypertension in the obstructed segment in our trauma patients may be important in this regard. Pancreatic duct hypertension has previously been demonstrated to exist in patients with chronic pancreatitis due to other causes15.
How long partial or complete obstruction of the pancreatic duct must be present before irreversible changes of chronic pancreatitis develop is not known with certainty. In four of the eleven collected patients, chronic pancreatitis developed in the obstructed segment within four months after the original ductal injury. Austin and his co-workers have shown that even a 75% stenosis of the main pancreatic duct in cats leads to chronic pancreatitis within 3 months following occlusion. Furthermore, once chronic obstructive pancreatitis had developed, pancreatic function did not recover following release of the occlusion.
Even though traumatic pseudocysts resulting from ductal disruption can be successfully approached by either operative or transcutaneous means, progressive scarring at the site of ductal injury may result in delayed obstruction of the duct. The resultant ductal obstruction, in turn, may lead to symptoms of persistent pain or episodes of recurrent acute pancreatitis in the obstructed segment, and eventually, the development of "upstream" chronic pancreatitis. Since 7 of the 11 collected cases in this report followed drainage of a traumatic pseudocyst arising from the body or tail of the pancreas, it seems reasonable to assume that distal pancreatectomy performed at the initial exploration would not only have prevented obstructive pancreatitis with its attendant symptoms, but also would have obviated the risk and expense of subsequent surgical explorations. Accordingly, if compelling reasons dictate that drainage of a traumatic pseudocyst in the body or tail be chosen over distal resection as primary therapy, careful follow-up is mandatory.
In the absence of any significant long term data concerning pancreatic trauma, the actual incidence of post traumatic chronic obstructive pancreatitis cannot be known with certainty. Moreover, since chronic obstructive pancreatitis has not been widely recognized as a complication of trauma, it is quite possible that the actual incidence may be greater than this initial review of the literature might indicate. From the standpoint of pathophysiology, it seems reasonable to propose that the degree of ductal fibrosis and the subsequent development of post-traumatic delayed duct obstruction might be related to the nature of the pancreatic injury (parenchymal vs ductal), the severity of the ductal injury (circumferential vs lateral), and the form of initial treatment (drainage or resection of the injured segment).
In As Bradley points out, the incidence of this late complication of pancreatic trauma is not known. However, he speculates that it may become more common with an increasingly conservative attitude to blunt abdominal trauma. This is probably true but still the condition will continue to be rare. Although the pediatric surgeons since long treat most children with pancreatic trauma conservatively or at most with non-operative percutaneous drainage, Bradley in his 20-year collective series could trace only 11 such cases! One explanation of the "relative lack" of these patients might be that some of them are asymptomatic and therefore undiagnosed? In case of acute and complete duct obstruction the obliterated part of the gland will atrophy within a couple of weeks and become "silent" after the initial symptomatic period. Although, perhaps unethical it would be of interest if, let's say 100 individuals with a known major conservatively treated pancreatic trauma in their childhood underwent an ERCP when adult. I think this would present to us a handful who are quite healthy but who harbour a pancreas with an abrupt end! This nicely written paper is worthwhile as it draws our attention to a rare condition which, if properly managed, can be completely cured.
